Summary. Two 
Introduction
Mammalian spermatozoa are incapable of fertilizing eggs when they first leave the testis. The cells mature in the epididymis before they acquire the capacity for forward motility and fertility. During puberty the epididymis undergoes androgen-dependent growth with differentiation of ciliated epithelial cells which participate in the subsequent transport and maturation of the male gametes (Hamilton, 1975) . The molecular mechanisms of these orderly developmental changes are largely unknown.
Protein phosphorylation may serve as an important mechanism for the regulation of cellular functions (Corbin, Reimann, Walsh & Krebs, 1970; Langan, 1973; Walsh & Cooper, 1979) . Phosphorylation of nuclear proteins has been implicated in the selective expression of genes during hormone-dependent cell differentiation (Kleinsmith, 1975;  Turkington, Majumder, Kadohama, Maclndoe & Frantz, 1973) . It has been demonstrated that there is a marked alteration in the pattern of phosphorylation of rat epididymal nuclear acidic proteins during development in vivo and these patterns of protein phosphorylation are dependent on the action of testosterone (Kadohama & Turkington, 1974) . A cyclic AMP-dependent protein kinase activity (EC 2.7.1.37), that causes phosphorylation of model protein substrates, has been detected in crude epididymal extracts of rats (Bernard & Wassermann, 1972) . However, the epididymal protein kinase has not been purified and little is known about its characteristics. We have therefore partly purified and characterized two cyclic AMP-dependent protein kinase isoenzymes from the rat epididymis.
histones, phosvitin, p-chloro-mercuriphenylsulphonic acid and theophylline were from Sigma (St Louis, Missouri, U.S.A.). Protamine (Majumder & Turkington 1972) . The standard incubation medium contained 10 µ sodium ß-glycerophosphate-HCl, pH 6-5, 4 µ MgCl2, 30 nmol EGTA, 0-6 µ theophylline, 1 nmol cyclic AMP, 2 µ NaF, 3 nmol c.p.m.), 0-1 mg protamine sulphate and the enzyme in a total volume of 0-2 ml. The incubation was carried out at 37°C for 20 min and the reaction was stopped by the addition of 0-2 ml 1-5% casein-2-5 mM-inorganic phosphate-2 mM ATP and 4 ml 15% trichloroacetic acid (TCA). The resulting precipitate was processed for the assay of radioactivity in protein (Majumder, 1978) . The samples were counted for 32P in a liquid scintillation spectrometer (Packard) in toluene-0-4% 2,5-diphenyloxazole-0-005% l,4-bisl2,(5-(phenyloxazole)]benzene scintillation fluid. Systems lacking the enzyme preparation were included as blanks in all assays. One unit of the enzyme was defined as the amount of activity which caused the transfer of 1 pmol 32P from [ -32 ] to the recovered protein under the standard assay conditions. Preparation of nP-labelled protamine. Protamine was enzymically labelled by phosphorylating it with the isolated epididymal protein kinases under the standard assay conditions. After the incubation the reaction was arrested with the addition of 5 ml 10% TCA. The precipitate was collected by centrifugation and washed successively with 5% trichloroacetic acid, ethanol, Polyacrylamide gel electrophoresis. 32P-Labelled protamine prepared by the above procedure was analysed by polyacrylamide gel electrophoresis (Paynim & Chalkley, 1969) . After the electrophoresis, the gels were stained with Amido black and destained in 7-5% acetic acid. Finally the gels were sectioned and the gel slices were dissolved in 30% H202 before counting in Bray's solution (Bray, 1960) in a liquid scintillation spectrometer (Packard).
Subcellular fractionation. Washed epididymides were homogenized as described above and the subcellular fractions were isolated from the homogenates by a differential centrifugation technique (Hogeboom, 1955) . The homogenates were centrifuged at 1000 g for 15 min to sediment nuclei. Mitochondria were isolated from the supernatant by centrifugation at 14 000 g for 15 min and microsomes were isolated by centrifugation at 100 000 g for 60 min. The particulate fractions were washed with the homogenizing medium and finally suspended in 5 mM-potassium phosphate, pH 7-0-50 mM-2-mercaptoethanol-30% glycerol buffer. All the fractions were dialysed against the same buffer and protein kinase activities in these fractions were then determined under the standard assay conditions.
Other analytical methods. 32P-labelled protamine was hydrolysed in 2 N-HC1 in a boiling water bath for 12 h (Turkington & Riddle, 1969) . HC1 was removed under vacuum and the hydrolysate was subjected to paper electrophoresis at room temperature on Whatman No. 1 filter paper strips using 8% formic acid as the electrophoresis buffer (Majumder & Turkington, 1972) . Unlabelled o-phosphoserine was used as a marker during electrophoresis. Ninhydrinstained spots were cut out and counted in a toluene scintillation liquid as described above.
The protein content of the samples was measured by the method of Lowry, Rosebrough, Farr & Randall (1951) fig. 3a ). Both the enzymes showed higher affinity for activation by cyclic AMP compared to cyclic GMP, cyclic CMP and cyclic UMP (data not shown). Optimum pH. Both the enzymes showed maximal activity at pH 6-0-6-5 (Text- fig. 3b ). (Text-fig. 3d ). Both the enzymes lost activity nearly completely when heated at 80°C for 10 min.
Characterization ofenzymically phosphorylatedprotamine. There was no appreciable loss of radioactivity from the 32P-labelled trichloroacetic acid-insoluble precipitate when heated in 5% TCA at 90°C for 15 min, indicating that 32P had not been incorporated into the nucleic acids. The observed radioactivity in protein was not due to incorporation of 32P into phospholipids (Table 4 ). The insensitivity of the incorporated 32P to hydroxylamine largely ruled out an acyl-phosphate linkage as described for the (Na+ + K+)-dependent ATPase (Hokin, Sastry, Glasworthy & Yoda, 1965) , a well characterized phosphoprotein of the plasma membrane. All the radioactivity of the 32P-labelled protamine was associated with alkali-labile phosphoester bonds. 32P-Labelled protamine from the untreated 'control' tubes was washed with 5% trichloroacetic acid as described in 'Materials and Methods'. The labelled protamine was treated with methanol : chloro¬ form (1:2 v/v) and hot NaOH (1 n) according to Kinzel & Mueller (1973) and with 0-8 M-hydroxylamine according to Hokin et al. (1965 (Majumder, 1981 (Langan, 1973) . Cyclic AMP activates the enzyme by binding with subunit R and thereby causes the dissociation of C which is the active form of the enzyme. It is possible that the epididymal cytosolic protein kinase I and II, like the other cyclic AMP-dependent protein kinases, may be a complex of Rand C subunits. Certain differences in the characteristics of these kinases may relate to differences in their subunit composition (Corbin, Brostrom, King & Krebs, 1972) .
Human seminal plasma has been shown to be a rich source of protein kinase (Majumder, 1978) . Little is known about the origin of the enzyme in the seminal plasma. In view of the finding that rat epididymal plasma possesses a cyclic AMP-dependent protein kinase (Majumder, 1981) (Byar, 1974) . Zinc inhibits sperm motility (Janick, Zeitz & Whitmore, 1971; Tang & Hoskins, 1975) and is a potent inhibitor of bovine sperm phosphoprotein phosphatase (Tang & Hoskins, 1975) and cyclic AMP-dependent protein kinases derived from human seminal plasma (Majumder, 1978) , rat epididymal sperm surface (Majumder, 1981) and epididymal cytosol ( Table 2) . As postulated earlier (Majumder, 1978) 
